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The σ and f0(980) from Ke4 ⊕ pipi, γγ scatterings, J/ψ, φ→ γσB and Ds → lνσB
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Abstract
We extract the pole positions, hadronic and γγ widths of σ and f0(980), from pipi and γγ scattering data using an
improved analytic K-matrix model. Our results favour a large gluon component for the σ and a s¯s or/and gluon
component for the f0(980) but neither a large four-quark nor a molecule component. Gluonium σB production from
J/ψ, φ radiative and Ds semi-leptonic decays are also discussed.
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1. Introduction
-The hadronic and γγ couplings of light scalar mesons
could provide an important information about their na-
ture.
-K-matrix model has been used to describe pipi and γγ
processes [1].
-This model is improved by introducing a form factor
shape function in a single channel [2], which is gen-
eralized [3–5] to the coupled channels case in order to
extract the pole postions and the previous couplings of
the σ and f0(980).
In this talk, we review these recent results.
2. Phenomenology of pipi scattering
¯
1 channel ⊕ 1 ”bare” resonance
We introduce a real analytic form factor shape func-
tion [2]:
fp(s) = s − sAP
s − σDP
, P = pi,K (1)
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It allows for an Alder zero s = sAP and a pole at σDP < 0
to simulate left hand singularities. The unitary I = 0 S
wave pipi scattering amplitude is then written as:
TPP =
g2P fP(s)
sR − s − g2P ˜fP(s)
=
g2P fP(s)
DP(s) , (2)
where:
ImD = Im(−g2pi ˜fP) = −(θρP)g2P fP . (3)
and hence:
Im( ˜fP) = (θρP) fP , ρP =
√
1 − 4m2P/s. (4)
The real part of ˜fP is obtained from a dispersion relation
with subtraction at s = 0,
˜fP(s) = 2
pi
(h0(s) − h0(0)) , (5)
where h0(s) has been defined in Ref. [2].
¯
0 bare resonance≡ λφ4 model
In this case, one can introduce another shape function
f2(s):
TPP =
Λ f2(s)
1 − Λ ˜f2(s)
, f2(s) = s − sAP(s − σD1)(s − σD2) .(6)
where σD1 = σDpi , and ˜f2(s) = 2pi [h2(s) − h2(0)] . The
single channel results are shown in Fig. 1 and Table 1.
The result of λφ4 model shows that the existence of σ
is not an artifact of a ”bare” resonance entering into the
parametrization of TPP.
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Figure 1: The fit result of pipi I = 0 S-wave phase shift.
Table 1: Values of the bare parameters in GeVd(d = 1, 2).
Outputs 0 res. 1 res. 2 res. Average
sA 0.009(6) 0.0094(fixed) 0.0094(fixed)
σDpi 6.2(3.2) 1.41(7) 1.78(10)
σD2 7.6(4.5) - -
sRa - 1.94(9) 26.97(1.54)
Λ 108(34) - -
gpia - 2.54(8) 10.42(30)
sRb - - 0.61(31)
gpib - - -0.39(8)
χ2d.o. f
12.04
14 = 0.86
11.73
15 = 0.78
12.71
16 = 0.79
Mσ 468(181) 456(19) 448(18) 452(13)
Γσ/2 261(211) 265(18) 260(19) 259(16)
|gσpi+pi− | 2.58(1.31) 2.72(16) 2.58(14) 2.64(10)
¯
2 channels ⊕ 2 ”bare” resonances
The generalization to coupled channels is conceptually
straightforward. We consider the pipi−K ¯K coupled chan-
nels and introduce 2 ”bare” resonances labeled a and b,
with bare masses squared sRa and sRb. To leading order
in SU(3) breakings, we shall approximately work in the
minimal case with only one shape function. The phase
shifts and inelasticity η are defined by:
ηe2iδP = 1 + 2i ρPTPP . (7)
We refer to [4] for the explicit expressions of TPP. We
Table 2: Different data used for each set.
Input Set 1 Set 2 Set 3
δpi [6]-[8] [6]-[8] [6]-[8]
η [8] [7] [9]
δpiK = δpi + δK [8] [9] [9]
analyze 3 cases using different groups of pipi− K ¯K data,
which are shown in Table 2. With these choices, we
expect to span all possible regions of space of parame-
ters. The fit results are shown in Fig. 2 and Table 3,
from which we derive the pole positions and hadronic
couplings of the σ and f0(980).
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Figure 2: The coupled channels fit results.
F
¯
inal results
– For the σ, we take the average value of the single
and coupled channels results:
Mσ − iΓσ/2 = 452(12) − i 260(15) MeV,
|gσpi+pi− | = 2.65(10) GeV,
rσpiK ≡
|gσK+K− |
|gσpi+pi− |
= 0.37(6) . (8)
The mass and width shown in Table 5 are in good agree-
ment with other ones in the literature.
The sizeable coupling of theσ to ¯KK disfavors the usual
Table 3: Values of the bare parameters in GeVd(d = 1, 2).
Outputs Set 1 Set 2 Set 3
sA 0.016±0.004 0.013± 0.006 0.010±0.006
σD 0.740±0.097 0.909±0.201 1.116±0.262
sRa 4.112±0.499 2.230±0.271 2.447±0.298
gpia -0.557∓0.177 0.864±0.391 0.997±0.516
gKa 3.191±0.499 1.458±0.262 1.684±0.363
sRb 1.291±0.062 1.187±0.094 1.354±0.149
gpib -1.562∓0.117 -1.527∓0.134 -1.756∓0.183
gKb 0.748±0.062 0.999±0.149 1.159±0.261
χ2d.o. f 70.6/77=0.914 48.8/64=0.759 44.3/58=0.763
2
Table 4: Physical quantities. Mass and width are in unit of MeV, while the
couplings are in GeV.
Outputs Set 1 Set 2 Set 3 Average
Mσ 435(74) 452(72) 457(76) 448(43)
Γσ/2 271(92) 266(65) 263(72) 266(43)
|gσpi+pi− | 2.72(78) 2.74(61) 2.73(61) 2.73(38)
|gσK+K− | 1.83(86) 0.80(55) 0.99(68) 1.06(38)
M f 989(80) 982(47) 976(60) 981(34)
Γ f /2 20(32) 18(16) 18(18) 18(11)
|g fpi+pi− | 1.33(72) 1.22(60) 1.12(31) 1.17(26)
|g f K+K− | 3.21(1.70) 2.98(70) 3.06(1.07) 3.03(55)
Table 5: Mass and width in MeV of σ on the complex plane.
Processes Mσ − iΓσ/2
Ke4 ⊕ pipi→ pipi 452(13) − i259(16)
Ke4 ⊕ pipi/K ¯K 448(43) − i 266(43)
Average 452(12) − i 260(15)
pipi molecule and 4-quark assignment of the σ, where
this coupling is expected to be negligible. Moreover, a
broad pipiwidth (compared with ρmeson) can not be ex-
plained within a qq¯ scenario.
– For the f0(980), we have:
M f = 981(34)− i 18(11) MeV,
|g fpi+pi− | = 1.17(26) GeV,
r fpiK ≡
|g f K+K− |
|g fpi+pi− |
= 2.59(1.34) . (9)
A large value of r fpiK together with a narrow width dis-
favor a pure (uu¯ + d ¯d) assignment of the f0(980), while
its non-negligible width into pipi indicates that it cannot
be a pure ss¯ or K ¯K molecule.
-A possible gluonium component mixed with a qq¯ state
of the σ and f0(980) seems to be necessary for evading
the previous difficulties.
3. γγ → pipi process
The I = 0 S-wave amplitude consists of two parts, the
Born and unitarized amplitudes shown in Fig. 3, and the
direct γγ couplings shown in Fig. 4. The unitarized am-
plitude can be calculated using chiral lagrangian. The
only ambiguity comes from the direct term. We intro-
duce the direct couplings of σ and f0(980) to γγ [1]:
T Spi =
√
2αs[( fσγ+s f ′σγ) ˜Tσpi+( f f0γ+s f ′f0γ) ˜T f0pi] .(10)
for the S-wave and:
T Dpi =
α√
2
[s2 f λ=0f2γ + s f λ=2f2γ ] ˜T f2pi. (11)
for the D-wave with helicity 0 and 2 respectively. We re-
fer to [5] for the expressions of the reduced amplitudes,
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Figure 3: Born and Unitarized amplitudes T uP: P ≡ pi, K; V ≡
ρ, ω; A ≡ b1 , h1, a1 .
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Figure 4: Direct couplings of the resonances to γγ
˜Tσpi, ˜T f0pi and ˜T f2pi.
We also include crossing channel contributions from
vector(1−−) and axial-vector(1+−, 1++) exchanges using
normal vector description.
For I = 0 D-wave, we assume that it is dominated by
the direct production of f2(1270) with helicity 2 [11],
and fix the direct coupling of f2(1270) to γγ from the
total width given by PDG, | f f2γ| = 0.136GeV−1. Indeed,
we show in [5] that, at the f2 mass, there is a cancella-
tion between the unitarized and Born contributions. The
free parameters fσγ, f ′σγ, f f0γ and f ′f0γ can be determined
by fitting the γγ→ pi0pi0 total and differential cross sec-
tion data [12] [13]. The fit result is shown in Fig. 5. The
γγ decay width from different contributions are given in
Tab. 6.
4. Gluonium from J/ψ, φ → γσB and Ds → lνσB
The previous possible gluonium assignement of the σ
can be tested from J/ψ, φ → γσB and Ds → lνσB pro-
cesses (σB is a n unmixed hypothetical gluonium state)
as discussed respectively in [20–23] and [24]. We ex-
pect to have the branching ratios ×103:
B(J/ψ→ σBγ) × B(σB → all) ≃ (0.4 ∼ 1.0) ,
B(φ→ σBγ) ≃ 0.12 , (12)
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Figure 5: Fit up to 1.09GeV, χ2d.o. f = 39.541 = 0.96. Σ = pi + K. Dotted blue (S-
wave contribution); dashed green (D-wave contribution); continuous red (S+D
contribution); dash-dotted orange (all partial wave contribution).
Table 6: γγ decay width(in unit of keV). r0 ≡ Γλ=0f2→γγ/Γ
tot
f2→γγ
Set 2 Set 3 [2] [14] [15] [16] [16] [17] [18] PDG[19]√
s 1.09 1.09 0.8 1.44 0.8 1.44 1.44 1.4
r0 0 0 0.13 0.26 0.15
Γdirσ 0.16 0.20 0.13 0.01
Γrescσ 1.53 1.43 2.70
Γtotσ 3.11 3.10 3.90 1.7 3.1 2.4 2.1 1.2
Γdirf0 0.29 0.27 0.015
Γrescf0 0.90 0.81
Γtotf0 0.17 0.15 0.42 0.10 0.13 0.29 ± 0.08
and:
Γ[Ds → σB(gg)lν]
Γ[Ds → S 2(q¯q)lν] ≈
1
| f+(0)|2
( fσB
Mc
)2
≃ O(1) , (13)
for Mc ≈ 1.5 GeV, fσB ≈ 1 GeV [20, 22, 23], where
| f+(0)| ≃ 0.5 [25] is the form factor associated to the q¯q
semileptonic production. The rates of these productions
are in fair agreement with existing data supporting again
or not excluding a large gluonium component of the σ.
5. Conclusions
-We use an improved coupled channel K-matrix model,
taking into account Adler zero and left hand singulari-
ties. We extract the pole positions and widths, as well
as the hadronic and γγ couplings of σ and f0(980) by
fitting experimental data.
-The values of their direct widths favour a large gluon
content for the σ meson but are not decisive for explain-
ing the substructure of the f0(980) meson, which can
mainly be either a s¯s or a gluonium.
-The large values of the rescattering widths, due to me-
son loops, can be also obtained if they are gluonia states
but not necessarily if they are four-quark or molecule
states.
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